A highly sensitive radiochemical assay used to measure the synthesis and regulation of the product of the argH gene, argininosuccinase, in an Escherichia coli system in vitro is described. With L-[guanidino-'4C]argininosuccinic acid as a substrate, and in the presence of excess arginase and urease, 14CO2 is collected in a simply designed micro-vessel. With this method less than 1 nmol of product can be measured in the presence of various concentrations of L-arginine.
The argECBH gene cluster in Escherichia coli is divergently transcribed from an internal control region between argE and argC. The major control of this cluster appears to be by a repressor protein that acts together with arginine or its derivative, although evidence with whole-cell studies suggests that a second site control might exist (Krzyzek & Rogers, 1976b) . In our studies of the regulation of the right wing of the argECBH gene cluster in E. coli by using a transcription-translation system in vitro, we found the previous methods for assay of the argH enzyme, argininosuccinase, (L-argininosuccinate arginine-lyase, EC 4.3.2.1), to be inadequate.
Colorimetric assays for argininosuccinase are based on assay of the product, arginine, after its conversion by adding arginase into urea and formation of a chromophore with a high absorption coefficient (Hunninghake & Grisolia, 1966; Prescott & Jones, 1969; Geyer & Dabich, 1971) . These assays cannot be used effectively in the situation that we have been studying because of the high and variable concentrations of free arginine in the cell extracts and the very low concentrations of enzyme to be assayed. Owing to those problems, we were unable to duplicate the data of Kelker et al. (1976) , where cell-free synthesis of argininosuccinase was determined by a colorimetric method.
Three different types of radiochemical assays have been developed for or applied to the measurement of argininosuccinase activity. Schimke (1970) assayed enzyme activity with [guanidino-'4C]-argininosuccinate in the presence of excess arginase; after addition of urease in a second step, 14CO2 was determined. Analogous assays for arginase (Righetti et al., 1968; Klein & Morris, 1978) employed the collection of "4CO2 and used [guanid- The radiochemical method described in the present paper is a simple microassay applicable to the micro-volumes and high sensitivity needed to determine the small amount of argininosuccinase produced under conditions of repression and derepression in the cell-free system. The assay is based on the method of Schimke (1970 (,umol of arginine/h) of a preparation of bovine liver argininosuccinase (150units/mg of protein), which was purified to the heat step at pH 5.1 (Ratner, 1970) . The reaction was allowed to reach equilibrium by incubation for 3 h at 370 C. The reaction was stopped by addition of 0.05 ml of cold 50% (w/v) trichloroacetic acid, and the protein was removed by low-speed centrifugation. The trichloroacetic acid was removed by four extractions with equal volumes of anhydrous diethyl ether. BaCl2 (1.OM) was added to a final concentration of 0.25 M, and the white Ba3(POW)2 precipitate was removed by centrifugation at 40C. After adjustment to pH 9 with saturated Ba(OH)2, the [guanidino-14Clargininosuccinic acid was precipitated by adding 2.5 vol. of cold 95% (v/v) ethanol and leaving the mixture to stand for 1 h at 40C. The precipitate was collected by centrifugation and washed successively with 75%, 95% and 100% ethanol and diethyl ether at 4°C. The precipitate was dissolved in water and again precipitated as above without pH adjustment.
Contaminating fumarate and any traces of urea were removed on a 0.9 cm x 4.0cm cation-exchange column of Dowex 5OW X8 (200-400 mesh; H+ form) (Kato et al., 1976 ['4C] argininosuccinate was stored in 0.5 ml of water adjusted to pH9.0 with KOH at -200C, to minimize conversion into the anhydride I form (Ratner & Kunkemueller, 1966) . Before use, the pH was adjusted to 7.5.
Cell-free synthesis ofargininosuccinase
The cell-free transcription-translation system used for the synthesis of argininosuccinase was prepared by using an S-30 cell extract from E. coli and the necessary factors as described and modified by Zubay et al. (1970) . Template DNA was derived from A or 680 bacteriophage carrying the argECBH gene cluster as described previously (Press et al., 1971; Krzyzek & Rogers, 1976a [guanidino-'4C]argininosuccinic acid. We found that incubation in the micro-vessel with urease for 60 min followed by an additional 60min with added HCI gave maximum release of 14CO2. In our standard assay procedure incubation with urease was extended to 90min to ensure complete hydrolysis of urea.
Vol. 207 z 0 I Added L-arginine up to 1.0mM was found to have no effect on this assay for argininosuccinase activity (Table 1 ). This is due to the presence of excess arginase added to the reaction mixture, which converts all arginine into urea and ornithine. Argininosuccinase activity produced by the cell-free system of E. coli was found to remain constant for 24h at 370C under these assay conditions (Fig. 2) . A wide range of argininosuccinase activities can be detected owing to the high specific radioactivity of the [guanidino-'4C]argininosuccinate used and the sensitivity of the assay.
The synthesis of argininosuccinase in an E. coli system in vitro was monitored by the use of this radiochemical assay. With A dargECBH DNA as a template, the time course of the synthesis of the argH gene product was monitored. Activity can be detected at low levels only 20min after the start of incubation (Fig. 3) . Synthesis of the enzyme reaches a maximum after about 90 min of incubation in vitro. Cell-free synthesis and repression of synthesis of argininosuccinase by arginine can be observed when S-30 cell extracts from E. coli containing the arginine repressor protein, the argR gene product, are used (Table 2 ). The problem of a high arginine background in the cell extract has been circumvented and the low enzyme activities observed under repressed conditions can be monitored. Indeed, we found that the presence of L-arginine (1 mM) in the synthesis mixture affects the rate of synthesis of argininosuccinase by argR+ extracts and not argRextracts (Table 2) , and this effect was not due to any influence of arginine on the rate of the argininosuccinase reaction, as was shown in Table 1 .
Sensitive colorimetric assays (Hunninghake & Grisolia, 1966; Prescott & Jones, 1969; Geyer & Dabich, 1971) can effectively measure lOnmol of urea produced from arginine in the argininosuccinase-arginase couple. Ratner & Murakami-Murofushi (1980) evaluated their radiochemical assay for argininosuccinase as accurately measuring 5-10nmol of product formed during a 30min assay (Righetti et al., 1968; Mora et al., 1972; Whitney & Magasanik, 1973; Klein & Morris, 1978) and argininosuccinase (Schimke, 1970) activity in eukaryotic cells. The assay described in the present paper measures bacterial argininosuccinase produced in a cell-free system in the presence of variable background arginine concentrations. With the use of micro-volumes and the high specific radioactivity of the substrate, we have described a convenient, sensitive and inexpensive method for studying the regulation of the E. coli argH-gene product.
